Progesterone was converted to 5a-pregnane-3a-ol-20-one, A4-pregnene-20a-ol-3-one, M&-pregnene-14a-ol-3,20-dione, A4-pregnene-7fl,14a-diol-3,20-dione, and A4-pregnene-6,8,lla-diol-3,20-dione by cell cultures of Lycopersicon esculentum. Cell cultures of Capsicum frutescens (green) metabolized progesterone to A4-pregnene20a-ol-3-one in very high yield, and Vinca rosea yielded A4-pregnene-20,f-ol-3-one and A4-pregnene-14a-ol-3,20-dione. A stereospecific reduction of the keto groups and a double bond and stereospecific introduction of hydroxyl groups at the 6, 11, and 14 positions have been observed. The mono-and dihydroxylated progesterones have not previously been reported as metabolic products of progesterone by plant cell systems and represent de novo hydroxylation of a nonglycosylated steroid.
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We have been studying biotransformations of progesterone and other steroids by plant cell suspension cultures, with the aim of determining the structure of the metabolites and the yields obtained with the various cultures. Microbial transformations of steroids have been extensively investigated (5, 15) . There are relatively few reports, however, on the transformation of steroids by plant cell cultures (19) . These studies have been conducted mainly with various pregnane and androstane derivatives, and the most common types of biotransformations have involved stereospecific reductions of the 3 and 20 keto groups as well as the 4,5 double bond (10, (12) (13) (14) 23) . In addition, formation of conjugates as the glucosides and pahnitate is commonly found (9, 10, 13, 14) . Oxidation of a hydroxyl group to a keto group has been noted for testosterone (13) , and hydroxylation de novo of the glycoside digitoxin has been found in the 16,/ (1, 19) and 12/3 (1, 24) positions.
Recently we reported the de novo hydroxylation of a non-glycosylated steroid, progesterone (VII), by suspension cultures of Vinca rosea (11) and other plant cell suspension cultures (27) . This paper reports the results of biotransformation of progesterone to 5a-pregnane-3,8-ol-20-one (I), A4-pregnene-20a-ol-3-one (II), A4-pregnene-14a-ol-3,20-dione (III), A4-pregnene-6f?,-14a-diol-3,20-dione (IV), A4-pregnene-6,1,11a-diol-3,20-dione (V), and A4-pregnene-20/8-ol-3-one (VI) by Lycopersicon esculentum, Capsicum frutescens, and Vinca rosea suspension cultures.
MATERIALS AND METHODS
Reagents. All chemicals and solvents were of analytical grade. The solvents were distilled before use. Progesterone (VII) (Makor Chemicals, Ltd., Jerusalem, Israel) was purified by recrystaization from acetone-hexane until white crystals were formed which melted at 130 to 1310C and were pure as demonstrated by thin-layer chromatography (TLC) using system I (see below) and by gas chromatography (GC). These crystals were free of any hydroxylated progesterone. The chromatographic standards (Fig. 1) 5a-pregnane-3,B-ol-20-one (I), A4-pregnene-20a-ol-3-one (II), and A4-pregnene-20fB-ol-3-one (VI) were purchased from Makor Chemicals, Ltd. The standards M-pregnene14a-ol-3,20-dione (III) and A&4-pregnene-6.8,14a-diol-3,20-dione (IV) were a gift of The Upjohn Co., and A4-pregnene-6#,Bla-diol-3,20-dione (V) was prepared in this laboratory (7) .
Growth conditions. Cultures, well adapted to suspension culture, were inoculated into 250-ml Erlenmeyer flasks containing 100 ml of Murashige-Skoog medium (18) with 1 jug of 2,4-dichlorophenoxyacetic acid per ml. Incubation was carried out at 280C on a gyratory shaker at 150 rpm. After 1 week of growth, progesterone (VII) dissolved in 95% ethanol (30 mg/ml) was added to a final concentration of 300 mg/liter of broth, and incubation was continued for a further 10 to 14 days. For isolation and identification of metabolites, several flasks were pooled.
Plant cell cultures. A large number of plant cell cultures were examined for their ability to produce biotransformation products from progesterone (VII). showed indication of biotransformation products. Extraction and cleanup. At the end of the incubation period, the plant cells together with medium were extracted with 2 volumes of chloroform, and the chloroform layers were pooled. After (3, 5, 20) . Furthermore, Rosa sp. tissue cultures were reported to form A4-pregnene-20,8-ol-3-one (VI) and A4-pregnene-20a-ol-3-one (II) (12) . In this investigation, cultures of L. esculentum and C. frutescens (green) were able to reduce stereospecifically the carbonyl at C20 to yield A4-pregnene-20a-ol-3-one (II), in contrast to V. rosea cultures, which were capable of converting it to the 20,8-hydroxy isomer (VI). The 20,B isomer could not be detected in the cultures of L. esculentum, nor the 20a isomer in V. rosea cultures. The culture of C. frutescens (green) was relatively resistant to inhibition of growth caused by addition of progesterone and was capable of converting it to A4-pregnene-20a-ol-3-one (II) in yields of 60 to 90%. Such a high yield with a relative absence of by-products is reminiscent of the conversions obtained with the yeast Rhodotorula longissima (4) . The 20a reduction has been reported to be carried out by yeasts (3), algae (17) , plants (16) , and mice (25) Reduction of progesterone by cultures of L. esculentum and C. frutescens led to the 20fi-hydroxy derivative (VI), while cultures of V. rosea produced the 20a-hydroxy isomer (II). Thus, if a new center of asymmetry was formed by hydroxylation or reduction, only one of the possible epimers arises in each case. This is similar to the situation found with microorganisms.
Although the yields are generally low as compared to those obtained with microorganisms, the occasional very high yield suggests the possibility of finding additional examples of culturesubstrate combinations with high yields and suggests the desirability of determining whether, in cultures such as Capsicum, there is a connection between the high yield and the apparent insensitivity to steroid inhibition. Although it does not appear likely that plant cell cultures can compete with microorganisms for use in the manufacture of steroid drugs, there is a possibility that plant cell cultures might be used for enzymic conversion to optically active forms, or for specific biotransformation of natural compounds for producing rare or unusual steroids which are difficult to obtain from other natural or synthetic sources.
